In-situ liquid cell transmission and scanning transmission electron microscopy (TEM/STEM) experiments are important as they provide direct insight into processes in 
Introduction
There has been a lot of interest in in-situ transmission electron microscopy (TEM/STEM) approaches, which allow following in real time processes in wet environments that span colloidal synthesis of nanoparticles, [1] [2] [3] ∂ e aq
From the solution e aq 
If the (PdCl 4 ) 2− precursor is sufficiently abundant that it does not limit the reaction rate and its concentration uniform in the solution (which is fulfilled in our experiments, see
Supporting Information (SI) SI-1, figure S1 ) observed growth of Pd in the initial regime (figure 2 a, i., ii.) is controlled only by the concentration of the hydrated electrons, since the growth starts on uniformly sized Au seed particles, thus the particles all have similar surface area, A(R) = const. Hence, in this initial time regime the deposition rate of Pd 0 is limited by the concentration of the wet electrons that reduce the (PdCl 4 ) 2− ions in the solution. 5 At longer times (figure 2 a, iii., iv.), the particles closer to the excitation spot experience faster growth due to the higher concentration of e − aq . This causes systematic differences in particle size (i.e., capture area, A), which further accelerate the growth of particles near the excitation spot compared to more distant particles. In this regime, the dependence of both r(R) and A(R) is responsible for a significant spread of the particle volumes as a function of distance from the exciting beam. our experiments. Hence, we find rates of Pd 0 production that are proportional to the beam current for nearly all distances R from the excitation. Only at very small distances from the exciting beam, the increase in Pd deposition rate between the two beam currents is higher. This can be explained by the rapid increase in particle size at close separation, which causes a departure from the initial growth regime in which the rate of Pd deposition depends only on the concentration of the hydrated electrons.
Comparison with Au nanoparticle solution growth
Our results on the reduction of ( can directly compare the rates at which zero-valent metal is produced in aqueous solutions of the two different salts. Possible origins of this minor deviation from the expected ratio of reaction rates are the need for initial nucleation of Au particles, in contrast to the deposition of Pd on preexisting Au seeds, and the uncertainties due to the facile motion and redistribution of Au particles in the solution.
Conclusions
In summary, we use the reduction of (PdCl 4 ) highly reproducible, due to the ability to precisely control both the concentration of the precursor salts and that of the electron beam-generated reactants. Our results thus pave the way for the broad use of liquid cell electron microscopy for the in-situ, real-time monitoring of chemical reactions in solution. The spacing between the windows was controlled using 250 nm SiO 2 spacer layers.
Materials and methods

Solutions
STEM imaging was performed in a FEI Titan 80-300 environmental Cs-corrected (for 
